Introduction

Historical background
''The can of un-coagulated blood lying on the floor of Link's laboratory was to change the course of history, and little did Link know what the long-term implications would be'' [1] . In 1941, the Wisconsin Alumni Research Fund (WARF) scientist Karl Paul Link and his senior student Wilhelm Schoeffel could never have imagined that their research would live longer than 73 years. Link named the substance after the organization that supported his research and the name warfarin was created (Fig. 1) . In the 1950s, warfarin was used as an anticoagulant for victims of heart attacks and strokes. It gained fame when it was used to treat President Dwight D. Eisenhower after his 1955 coronary event while in office [1] . The historical narrative of warfarin starts with a mysterious hemorrhagic disease (sweet clover disease) of cattle to the development of a rat poison (rodenticide), which later became one of the most commonly prescribed drugs in the history of mankind.
Warfarin is a highly effective treatment for the reduction of stroke in atrial fibrillation (AF) and its limitations are well studied. Over the last 
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SHEHAB ET AL NOVEL ORAL ANTICOAGULANTS AND THE 73RD
ANNIVERSARY OF HISTORICAL WARFARIN extreme clinical problems for patients, patients' family, healthcare providers, and healthcare systems (bleeding, visits to emergency, hospitalizations/costs, length of stay, multiple international normalized ratio (INR) tests, variability in response, commercial variability on generics and others [2] . In a historical cohort analysis, switching warfarin formulations was found to expose patients with AF to a higher risk of bleeding events compared to remaining on a single product. Research found that maintaining patients on a product with consistent bioavailability may optimize the risk-benefit balance of anticoagulation therapy [3] .
The scope of novel oral anticoagulants (NOACs)
In the last few years, emerging novel or new oral anticoagulants referred to as novel oral anticoagulants or NOACs (comprising apixaban (Eliquis Ò ), edoxaban (Lixiana), rivaroxaban (Xarelto Ò ) factor Xa inhibitors, and dabigatran (Pradaxa Ò ) direct thrombin inhibitor) have been used in patients with non-valvular atrial fibrillation as suitable alternatives to the perpetual warfarin and analogues (vitamin K antagonists or VKAs) to prevent stroke and venous thromboembolism (VTE). The major trials of NOACs in AF were: ARISTOTLE, ENGAGE-AF, Rocket-AF and RE-LY, respectively [4] [5] [6] [7] . NOACs are presently contraindicated in patients with mechanical heart valves, following several reports of valve thrombosis.
It is prudent for physicians and patients to discuss concerns associated with NOACs in order to ensure the safe and effective use of these drugs in specific clinical situations. Clinical scenarios should emphasize the practical start-up and follow-up schemes for patients on NOACs, as the procedure for switching between anticoagulant Fig. 2 ). The management of bleeding and steps to follow thereafter should be well-elucidated when there is a (suspected) overdose without bleeding, or a clotting test indicating a risk of bleeding. The management of bleeding complications is crucial to NOAC therapy patients undergoing a planned surgical intervention or ablation, and patients undergoing an urgent surgical intervention.
Special populations (such as patients with chronic kidney disease, AF, and coronary artery disease) or patients treated with NOACs (cardioversion in a NOAC-treated patient, patients presenting with acute stroke while on NOACs, NOACs versus VKAs in AF patients with a malignancy) should be addressed clearly in guidelines and management plans. Besides, drug-drug interactions and pharmacokinetics of NOACs and issues of adherence to NOACs intake, how to deal with dosing errors, and missed doses are also of critical clinical concerns.
Disadvantages associated with the use of NOACs
The most common disadvantage of NOACs is the lack of an antidote to resolve major bleeding complications possibly associated with their ubiquitous use. Another major concern is the periprocedural management of patients on NOACs which is a common complex clinical problem and may pose a patient-specific concern. The third disadvantage is cost of each NOAC calculated as total daily cost and in comparison with warfarin. Furthermore, therapeutic monitoring may impact patient adherence, hence should not be used in patients with a history of medication non-adherence. Most NOACs are renal eliminated, therefore patients with renal impairment <30 mL/min will not have the chance to benefit from full clinical utility.
The rationale
In day-to-day clinical practice, the use of warfarin poses several limitations. NOACs represent an archetypal shift in the management of non-valvular AF. NOACs are more specific and possess rapid onset of action with predictable pharmacokinetic profile (fixed dosing and no coagulation monitoring). NOACs have been used with certain concerns such as drug interactions, switch-therapy, patient selection, renal impairment, therapeutic drug monitoring, risk of myocardial infarction, use in patients with acute coronary syndrome (ACS) requiring antiplatelet therapy, such as cardioversion and percutaneous coronary intervention (PCI).
NOACs are not well utilized in patients with AF despite their approved indications by the Food and Drug Agency (FDA) and an array of published literature supporting their clinical utility, safety, and efficacy. However, other aspects of NOACs such as cost, therapeutic drug monitoring, selection of NOAC, patient satisfaction and quality of life deserve further emphasis and research.
Review summary
NOACs are currently widely used for the prevention of stroke and systemic embolism in patients with non-valvular AF, with ubiquitous alternatives for patients using warfarin. This overview offers insights into the clinical utility of NOACs with emphasis on pivotal clinical trials that provide the basis for NOAC safety and efficacy. This overview will address the issues of concerns and problematic areas encountered in real world clinical practice.
Objective of review
We sought to investigate the clinical utility of NOACs and provide some insights into their usefulness. The main objective was to raise awareness among clinicians regarding the under-utilization of NOACs and to encourage the use of NOACs in daily clinical practice as suitable alternatives to warfarin.
Methods
We retrieved the literature for publications pertaining to NOACs. Relevant studies were reported to a citation manager and were read and studied by the research team. We reviewed most of the clinical trials performed on NOACs. The search engine used for NOAC clinical trials included: PubMed, Medline, Scopus, Google Scholar and Cochrane Library. The following medical subheadings and keywords were used for searching: novel oral anticoagulants (NOACs), atrial fibrillation, dabigatran, apixaban, rivaroxaban, edoxaban, warfarin, non-valvular atrial fibrillation, NOAC bleeding, NOAC efficacy and safety, NOAC clinical utility, NOAC therapeutic drug monitoring, and NOAC antidote.
The types/features of NOACs
The choice between all four NOACs depends on patient characteristics (such as age), cost, insurance schemes, reversal of bleeding, patient's renal function, renal dosing [8] , dosing interval, medication patients are on, drug interactions, and patient preferences rather than safety profiles. All are more or less similar, but nevertheless, no detailed comparison has been performed between the various NOACs. One obstacle of paramount importance to the utilization of NOACs is the reversal of bleeding, but possible solutions are on the horizon for a new antidote for dabigatran, which is on its way to clinicians for routine monitoring.
NOACs and clinical evidence
The first randomized trial of anticoagulants nicoumalone and heparin was performed in 1960 [9] . Since then, a plethora of studies has been conducted on acenocoumarol, dicoumarol, and later warfarin. From randomized trials to observational studies, the literature today is replete with evidence regarding the use of NOACs.
A recent network meta-analysis (indirect comparison) published in the May 2014 issue of Thrombosis and Haemostasis compared the efficacy and safety of edoxaban with other NOACs. The study found some differences among NOACs, allowing treatment selections according to the clinical profile of each patient. Indirect comparisons of efficacy endpoints demonstrated that high-dose edoxaban was comparable to dabigatran 110 mg twice, yet inferior to dabigatran 150 mg. Moreover, high-dose edoxaban was comparable in efficacy to apixaban; however, apixaban had fewer bleeding endpoints [10] .
Efficacy of low-dose edoxaban was either similar or less effective than its competitors. When safety endpoints were compared, low-dose edoxaban emerged as the most efficient, with the least bleeding. The differences among the drugs also suggest that patient-related factors, such as expected compliance, individual focus on efficacy and side-effects as well as renal function, should be taken into account when selecting a drug. The limitation of this study is that the findings, similar to previous indirect comparisons of NOACs, are not based on direct head-to-head comparisons (which remain the gold standard), and thus need to be considered with some caveats [10] .
The safety of NOACs was compared to warfarin in patients with AF in randomized trials using systematic reviews and meta-analyses in 2012. In the prevention of stroke and systemic embolism in patients with AF, NOACs demonstrated more efficacy than warfarin. This was evident in the decreased risk for intracranial bleeding and favorable safety profile in favor of patients using NOACs [11] .
The benefits and harms of NOACs versus warfarin for AF and VTE were compared in a systematic review from 2001 through to July 2012. NOACs were reported as feasible options for patients receiving long-term anticoagulation. The magnitude of treatment benefits compared with warfarin are small and vary depending on the control achieved by warfarin treatment. It has been reported that there were no head-to-head comparisons of NOACs and that limited data was reported on harmful effects [12] .
A meta-analysis by Gómez-Outes and colleagues analyzed the safety and efficacy of three oral anticoagulants [13] . In all three NOAC types, more than 50,000 patients were included in the analysis. The three NOACs demonstrated a similar efficacy in the prevention of non-hemorrhagic stroke when compared to warfarin in non-valvular AF. Each of the respective pivotal trials indicated an overall statistically significant reduction in all strokes, both hemorrhagic and ischemic compared to warfarin. These conclusions were supported by two other meta-analyses [10, 14] .
In the absence of head-to-head comparison, an analysis was performed to compare NOACs with VKAs and NOACs indirectly with each other. The results revealed no differences between NOACs and VKA regarding recurrent VTE and death. Bleeding was significantly reduced by NOACs (apixaban < rivaroxaban < dabigatran < edoxaban). Regarding efficacy, no differences were found between NOACs. Apixaban was more successful at reducing incidence of major bleeding than dabigatran and edoxaban. Regarding occurrence of the composite bleeding endpoint, apixaban performed better than all other NOACs and dabigatran performed better than rivaroxaban and edoxaban. The authors concluded that NOACs are as efficient in the treatment of VTE as VKA but with reduced risk of bleeding complications. Indirect comparisons indicate differences in the risk of clinically relevant bleeding events. NOACs increased the therapeutic spectrum and thereby the potential for individualized therapy [15] .
Advantages of NOAC therapy over warfarin
The use of NOAC when compared to warfarin is associated with both cons and pros. The limitations of warfarin use are well established. However, warfarin is highly effective when used optimally, is well established and accepted, and is inexpensive (although monitoring and adverse reactions are an enormous burden to the healthcare system and to many patients). In order for a NOAC to become a first choice for patients, it must be more convenient (an advantage that may also amplify adherence and diligence) and, moreover, it will need to deliver better clinical outcomes, at a satisfactory cost, with uniformity across the major subgroups of patients.
Dabigatran
Dabigatran, a direct thrombin inhibitor, was the first FDA-approved NOAC. The Randomized Evaluation of Long-Term Anticoagulant Therapy (RE-LY) trial, a non-inferiority randomized trial with open-label warfarin that included 18,113 patients with AF and at least one risk factor for stroke, demonstrated that dabigatran was as safe and effective as warfarin. Dabigatran 150 mg was superior to warfarin in reducing the incidence of stroke (including hemorrhagic) and systemic embolism by 34% (p < 0.001) with no significant difference in major bleeding. Dabigatran 110 mg was non-inferior to warfarin in preventing stroke and systemic embolism, and was associated with a 20% relative risk reduction in major bleeding compared to warfarin (p = 0.003). Gastrointestinal bleeding was more common with higher-dose dabigatran than warfarin, and dyspepsia was more common with dabigatran (11.8% of patients with 110 mg and 11.3% of patients with 150 mg compared to 5.8% with warfarin; p < 0.001 for both) [7] . Apart from bleeding, a very common side effect of dabigatran is dyspepsia. This is probably due to the presence of tartaric acid in the capsule which is intended to improve absorption. The use of proton pump inhibitors (PPIs) or ranitidine may be indicated to overcome this.
The main concerns are renal dosing, increased bleeding, and the lack of an approved antidote. In 2011, the EudraVigilance dataset reported 256 cases of serious bleeding resulting in death associated with the use of dabigatran [16] . The FDA investigation concluded there was no evidence that bleeding rates were higher with dabigatran compared to other NOACs. Dabigatran increases thrombin clotting time (TCT), ecarin clotting time (ECT), and activated partial thromboplastin time (aPTT); it may or may not increase prothrombin time (PT). Currently, an antidote is in phase II with ongoing trials. Reversal of bleeding can be accomplished by oral charcoal, haemodialysis, and prothrombin complex concentrate (PCC), desmopressin and antifibrinolytic agents ( 
Rivaroxaban
The study entitled 'Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF)' is a double-blind, randomized comparison of rivaroxaban 20 mg once daily (with dose adjustment for renal function) versus doseadjusted warfarin (INR target between 2.0 and 3.0, which was achieved at a median time of 58%). The trial targeted high-risk patients with a congestive heart failure hypertension age diabetes stroke (CHADS 2 ) score of P2, and approximately half had history of prior stroke. There was a 12% relative risk reduction in the occurrence of stroke and systemic embolism in AF patients treated with rivaroxaban that did not reach statistical significance but was clearly non-inferior to warfarin. Similar to dabigatran, there were significant reductions in intracranial hemorrhage; however, there was a higher incidence of major gastrointestinal bleeding when compared to patients in the warfarin cohort [6] . Rivaroxaban increases anti-factor Xa, may or may not increase PT and aPTT, and has no effect on TCT or ECT. Reversal of emergency bleeding can be with PCC, desmopressin or antifibrinolytic agents (Table 1) .
Apixaban
The Apixaban versus Warfarin in Patients with Atrial Fibrillation (ARISTOTLE) trial compared apixaban with warfarin for the prevention of stroke and systemic embolism in patients with AF and at least one additional risk factor for stroke. Compared with warfarin, apixaban reduced stroke and systemic embolism by 21% (p = 0.01), resulted in 31% less bleeding (p < 0.001), and 11% lower mortality (p = 0.047). Apixaban was better tolerated than warfarin, with fewer drug discontinuations [4] . The ARISTOTLE trial demonstrated that apixaban is not only more effective than warfarin at preventing stroke, but also safer in terms of bleeding risk and risk of death.
In the AVERROES trial (apixaban versus acetylsalicylic acid to prevent stroke in AF patients who have failed or are unsuitable for VKA treatment), apixaban was compared to aspirin alone for stroke prevention [17] . The trial was terminated early due to a clear, overwhelming demonstration of anticoagulation benefit in the apixaban cohort. The rate of major bleeding in the apixaban group was similar to that seen in the ARISTOTLE trial. Apixaban increases anti-factor Xa, may or may not increase PT and aPTT, and has no effect on either TCT or ECT. Reversal of emergency bleeding can be with PCC, desmopressin or antifibrinolytic agents (Table 1) .
Edoxaban
The Effective Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation (ENGAGE AF-TIMI 48) trial has randomized >20,000 patients who have AF and a CHADS 2 score of P2. Patients were randomized in a double-blind fashion to warfarin (target INR, 2.0-3.0) or one of two doses of edoxaban given once daily, with dose adjustments both at baseline and subsequently for factors associated with higher drug exposure, including renal insufficiency [11] . The trial concluded that both once-daily regimens of edoxaban were non-inferior to warfarin with respect to the prevention of stroke or systemic embolism and were associated with significantly lower rates of bleeding and death from cardiovascular causes ( Table 1) . Hemodialysis does not significantly contribute to edoxaban clearance. Protamine sulfate, Vitamin K, and tranexamic acid are not expected to reverse anticoagulant activity.
NOACs have been shown to be convenient, carry important advantages in improving clinical outcomes, including fewer strokes, have fewer events of intracranial hemorrhage, and lower mortality. These benefits are consistent in warfarin naive or warfarinized patients. Furthermore, the cost is somewhat acceptable, particularly in light of the major advantage with regard to convenience (Tables 1 and 2 ).
New indications for NOACs
More recently over the last four years, studies have targeted NOACs combined with antiplatelet treatment for patients with a recent ACS in an effort to reduce ischemic events. A meta-analysis was performed to evaluate the efficacy and safety of adding NOACs to single (aspirin) or dual (aspirin and clopidogrel) antiplatelet therapy. The following were included in the trials: Esteem, Appraise-1, Atlas ACS-TIMI46, Redeem, Ruby-1, Appraise-2, and Atlas ACS2-TIMI51 [4, 6, 7, [18] [19] [20] .
The addition of a NOAC to antiplatelet therapy in patients with a recent ACS in a meta-analysis showed modest reduction in cardiovascular events but a substantial increase in bleeding, most pronounced when NOACs were combined with dual antiplatelet therapy. It has been found that the randomized trials included in the metaanalysis were under-powered for the evaluation of efficacy [21] . The PIONEER AF trial is an exploratory, openlabel, randomized, multicenter, clinical study assessing the safety of two rivaroxaban treatment strategies and one VKA treatment strategy in approximately 2100 subjects who have paroxysmal, persistent, or permanent non-valvular AF, and have PCI with stent placement. The results of this study will be announced in 2016.
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Further, NOACs have been used in the area of organ transplantation as prophylactic or therapeutic options. One study reports on a series of heart transplant recipients treated with rivaroxaban and followed at a transplantation center [22] .
Evidence has emerged suggesting that factor Xa and thrombin are involved in other physiological and pathophysiological cellular processes, including inflammation [23] . Preclinical studies have demonstrated that targeted inhibitions of factor Xa or thrombin exhibit effects beyond coagulation, such as anti-inflammation and potential influence on the progression of atherothrombosis [24] [25] [26] , although supporting clinical data are currently lacking.
Discussions
The main objective of this overview is to raise clinician awareness of the under-utilization of NOACs and shed light on the main concerns surrounding their clinical utility as suitable alternatives to warfarin.
The convenience of NOACs
NOACs are far more convenient than warfarin because they have predictable pharmacodynamic effects, and, at doses tested in large trials, have good efficacy and safety profiles without the need for anticoagulation monitoring, or for frequent dose adjustment that may contribute to dosing errors and missed doses. Dabigatran and apixaban are administered twice a day. Rivaroxaban and edoxaban are given once a day. NOACs have the advantage of rapid onset of action and relatively short half-life periods, making their use around the time of procedures more convenient than warfarin, without the need for bridging [27] .
NOACs efficacy outcomes
NOACs are at least as good as warfarin at preventing stroke, and there is major benefit in outcome compared to no therapy. Dabigatran 150 mg twice daily and apixaban 5 mg twice daily are more effective than warfarin in terms of preventing stroke [27] .
NOACs safety outcome
With dabigatran, apixaban and rivaroxaban, the rate of hemorrhagic stroke is reduced by 40% to 70% and that of intracranial hemorrhage by 50%, which suggests a liability for warfarin with regard to intracranial hemorrhage. Both lower doses of 110 mg / 75 mg for Dabigatarn and 2.5 mg for Apixaban have resulted in crucial reductions in major bleeding. Such vital improvements in clinical outcomes have provided the most compelling rationale for the use of NOACs as first-line agents [27] .
NOACs effect on mortality
The use of apixaban, dabigatran and rivaroxaban have resulted in an 10% reduction in mortality, although this reached statistical significance only for apixaban. The fact that mortality tends to be lower suggests that, overall, the clinical benefits of NOACs clearly outweigh the risks [27] .
Switching from warfarin to NOACs
Reports suggest that although NOACs provide significant benefits for patients not previously on warfarin, there is little advantage to switching to NOACs if patients are tolerating warfarin and maintaining INR control (Not evident with research study). The benefits of NOACs were similar, not considering prior warfarin [5] . Centers with INR control report that with dabigatran there was no statistically significant evidence of less benefit of stroke prevention. Importantly, the benefits of dabigatran over warfarin in reducing intracranial hemorrhage appeared to be nearly indistinguishable across INR control ranges. On the other hand, the pattern of a consistent benefit despite INR control was relevant with rivaroxaban and apixaban [27] .
The advantages of switching from warfarin to NOACs include more stable anticoagulation (in patients poorly controlled on warfarin), short halflife, the elemination of anticoagulant monitoring, fewer drug-drug interactions, fewer food-drug interactions and less intracranial bleeding. The disadvantages include: specific antidote so not reversible in bleeding patients or those requiring emergency surgery. Further, there is an increased frequency of gastrointestinal bleeding with dabigatran and rivaroxaban compared to warfarin.
NOACs should be considered in patients switching from warfarin due to poor INR control despite good compliance, patients with newly diagnosed non-valvular AF (apixaban and dabigatran, but not rivaroxaban). NOACs have slightly different properties and the best choice of agent may depend on individual patient characteristics.
NOACs' grey areas and mundane aspects of clinical practice
There are three integrated grey areas in the selection battle between warfarin and NOACs, and in light of the randomized clinical trials, meta-analyses, these areas require discussion.
The selection of patient suitability for NOACs
A determining factor for patient suitability to NOAC is demographics (age), co-morbidities (chronic kidney disease, history of bleeding), degree of renal impairment (creatinine clearance >30 mL/min), adherence to daily dosing, cost, insurance schemes, unstable INR, unwillingness to take warfarin, stroke risk (CHADS 2 -VASC score) and risk of bleeding. Renal impairment is crucial for selection of NOAC; for instance, dabigatran should not be used in patients with creatinine clearance <30 mL/min, while rivaroxaban, apixaban and dabigatran are contraindicated in patients with creatinine clearance <15 mL/min. NOACs are not approved for use in dialysis patients. Patients with a history of stroke or bleeding complications are more likely to be switched from VKA to NOAC.
NOACs from a patient's perspective
A recent study with unique experimental results in an assessment of the relative value and weight of clinical events associated with anticoagulant therapy concluded that not all outcomes are created equal in the minds of patients [28] . The study showed that patients valued the taking of drugs that carried a lower risk of fatal bleeding, reporting they were willing to accept a 2.8% risk of nonfatal stroke, a 2.2% risk of nonfatal myocardial infarction, and a 3.4% risk of cardiovascular death to avoid a 1% risk of fatal bleeding. NOACs are characterized by their efficacy outcomes (reduction in major cardiovascular events) and the likelihood of side effects (risk of minor, major, or fatal bleeding). The decision on choice of drug to take, implicit in that decision, is the relative weight the authors relate to clinical outcomes. This weight was assumed to be different from patient to patient or from physician to physician [28] .
The finding that patients prefer a NOAC to warfarin relies solely on the basis of its 'newness' and not necessarily due to any conferred benefit ''suggests that labels can influence patients' medication choices'' and ''should be used with caution in the shared decision-making process.'' Overall, patients are not particularly concerned about the need for monitoring with warfarin. The preference for ''avoiding the inconvenience of INR monitoring is trivial when compared with a preference for avoiding clinical outcomes [28] .
The economic burden of NOACs
There are growing concerns that patients do not take medications when cost of medications surge beyond their budgets. Most patients with AF have co-morbidities with problematic poly-pharmacy issues. The cost of multi-drug pill can go very high with NOAC and the result can be devastating to the patient and healthcare system.
High medication costs also diminish hospital revenues and impact on their ability to keep up with the flow of very expensive remedies entering the market. Insurance coverage is another impact factor that faces developing, underdeveloped and even developed countries (in the USA, the Patient Protection and Affordable Care Act, aka ObamaCare, may overcome this). The cost of NOACs will be part of a high pill for a co-morbid elderly patient mostly a retired person. The implications of cost on NOAC selection is considered highly significant for clinicians.
The selection of NOACs
The issue of dosing plays a major part in the selection of NOAC from the four available patent compounds. Dabigatran and apixaban are taken in a twice daily dosing schedule, while edoxaban and rivaroxaban are once daily. The short half-life of apixaban may be of particular benefit where abrupt withdrawal can be achieved without worrying about sudden withdrawal effects of bleeding.
The selection of NOACs primarily relies on maintaining balance between efficacies and bleeding risk (safety). The choice between the four NOACs therefore depends on their efficacy and safety profile. The effect of NOACs on mortality, stroke and bleeding risks has shown some favorable results. NOACs provide more favorable risk-benefit ratio compared to warfarin, and more positive results in clinical trials. Therefore, NOACs should generally be used as first-line treatment for stroke prevention in AF.
However, NOACs are not always well utilized in patients with AF. One report shows that, contrary to current guidelines, some patients with AF are not prescribed any NOACs [47] . This may be attributed to the stable clinical status of some patients, low risk of CHADS 2 -VASC scores, clinical judgment of clinician, patient refusal, family issues, cost, insurance issues, and other factors. 
Summary
International guidelines have recommended the use of NOACs in line with their established safety, efficacy and compliance [29] [30] [31] . The safety of NOAC is supported by real world post-marketing surveillance registry studies, such as the Danish registry where bleeding and MI were not attributed to dabigatran [32] . In addition, reports from the Global Registry on Long-Term Oral Antithrombotic Treatment in Patients with Atrial Fibrillation (GLORIA-AF) which emphasizes the under clinical utility of NOACs, have recently emerged. Dabigatran was coined as the most prescribed NOAC in the Phase II registry [33, 34] . The GLORIA-AF was the largest, global observational study to date on the use of anticoagulants in patients with AF. The early reported findings were based on treatment trends in 3415 AF patients who entered the GLORIA-AF registry from November 2011 to February 2014.
The GLORIA-AF results demonstrated that 21.9% of patients with occasional AF and a CHADS 2 -VASC score of 2 or higher were either undertreated with aspirin or given no anticoagulant treatment at all, compared to 12.4% and 11.2% of those diagnosed with persistent or permanent AF, respectively [33] . Current AF guidelines call for patients to receive oral anticoagulant therapy based on their risk of stroke, rather than their type of AF [34, 35] . Furthermore, given the availability of NOACs, guidelines state that the use of antiplatelet therapies (such as aspirin) for stroke prevention in AF should be limited to the few patients who refuse any form of oral anticoagulant, as the evidence for effective stroke prevention from Apixaban versus acetylsalicylic acid (ASA) is weak, with a potential for harm [35] .
NOAC is the standard therapy in significantly reducing the risk of stroke and systemic embolism in AF patients. Physicians have diverse factors to consider when selecting a NOAC option for antithrombotic treatment in AF patients. Revealing factors such as risk stratification for bleeding, therapeutic monitoring, and renal status may serve in bridging the treatment gap.
NOAC limitations
There was no treatment evidence for NOACs in patients with valvular AF (valves/devices). There are other NOAC limitations, such as not having a reversal agent in the event of bleeding. Currently, however, antidote trials for each specific NOAC reversal are underway (Phase II and III trials); and these include idarucizumab for dabigatran (RE-VERSE AD trial), andexanet for apixaban-alfa (ANNEXA, Andexanet Alfa a Novel Antidote to the Anticoagulant Effects of factor XA Inhibitors trial) [36] . There is no FDA-approved NOAC antidote for clinical use in case of medical emergencies. Despite the fact that no routine laboratory monitoring is required for general outpatient follow-up, some laboratory assays such as ECT and aPTT are available for emergency situations in which patients are suffering from life-threatening bleeding. Activated charcoal can be used to decrease the absorption of dabigatran [37] , and prothrombin complex concentrates (PCC) have been shown to completely reverse the anticoagulant effect of rivaroxaban in healthy subjects [38] .
However, a recent randomized, double-blind, placebo controlled trial of 145 healthy volunteers demonstrated that idarucizumab, a humanized antibody that binds dabigatran with high affinity, could result in immediate and sustained reversal of the anticoagulant effect [39, 40] . The study reported that idarucizumab is well tolerated without adverse events and completely reverses prolonged clotting time within five minutes of administration. This was the sole specific antidote for one of the NOACs; however, further research is required to demonstrate its clinical utility.
In order to be implicated in clinical practice, the following points need to be considered:
1. Clinical use according to patient need: life-threatening hemorrhage, trauma, procedure with anticipated risk for major bleeding. 2. Careful risk assessment will be needed as the risk for bleeding outweighs the benefit of thrombo-prophylaxis. 3. Attention to fundamentals of hemostasis and supportive measures. 4. Will the availability of NOAC antidotes drive the uptake of NOACs?
The future of NOACs Some gaps need to be addressed in order for clinicians to select a NOAC and/or convert and switch from warfarin to a NOAC. These gaps have to be highlighted by expert opinions from the gained meta-analysis, registries and from global experiences who can summarize them for clinicians without bias or conflict of interest. This may help solve the various controversies and disparities in the clinical utility of NOACs.
The research conducted by clinicians working in day-to-day clinical practice will be of extreme value as their views and that of their patients (treatment satisfaction) will provide deeper insights into the authentic clinical utility of NOACs. Researchers are encouraged to focus on patient satisfaction and quality of life aspects of these NOACs.
The emerging betrixaban novel once-daily factor Xa inhibitor has been shown in a small phase II study to competitively bind to factor Xa and to inhibit its activity. The EXPLORE-Xa study was designed to evaluate the safety and tolerability of betrixaban compared to warfarin in patients with AF who are receiving or are eligible for VKA. This phase II study of betrixaban, at doses of 40-80 mg per day, indicated that it was well tolerated in AF patients at risk for stroke, with a risk of bleeding that was similar to, or lower than, that of well-managed warfarin. The most important fact about this drug is its hepatic elimination, which may provide preferences over other NOACs in patients with renal impairment of <30 mL/min [41] .
Conclusions
The messages taken from this overview can be summarized as follows: encourage the use of NOACs in daily clinical practice, evaluate patient preferences, consider cost and insurance coverage, and select a NOAC over warfarin when overall clinical judgment is optimal.
Physicians need to discuss the risks and benefits of NOACs based on patient's clinical status and preferences. The switch from warfarin to a NOAC needs a selection of patients who have shown adherence to prior anticoagulant, avoidance of missed doses, and close-self monitoring for any bleeding events.
Finally, will warfarin still be used after its 73rd anniversary? The future undoubtedly belongs to NOACs, and we are very grateful to warfarin, to Karl and his senior student, but we recognize that it is high time to say goodbye. We wish warfarin a happy retirement and we welcome the future with a new generation of NOACs.
Recommendations
1. Limit the use of warfarin to certain populations with predefined criteria such as renal impaired patients (creatinine clearance <30 mL/min, cost issues, insurance barriers). 2. In cases where NOACs is a suitable alternative, initiate NOACs as per guidelines and based on the selection of the most suitable patient groups. 3. Consider NOAC in patients intolerant to warfarin with repeated bleeding episodes, multiple hospitalization, unpredictable INR, and variable responses to warfarin dosing. 4. Concerns about risk of bleeding tendencies due to NOACs need to be estimated in diverse populations and in varied groups of patients with low, medium, high risk and associated co-morbidities.
5. Special maneuvers (such as prophylactic proton pump inhibitors) for preventing and protecting patients against NOACs-induced risk of bleeding (or gastritis) deserve more clinical input from physicians (awareness and enforced in guidelines) [16] . 6. Special considerations for switching patients from warfarin to any NOACs, with strict adherence to guidelines and recommended INR threshold (<2 for initiating dabigatran/ apixaban; 63.0 for European Medical Agency-EMA; or <3.0 for FDA for initiating rivaroxaban) [42] [43] [44] [45] . 7. Special management of patients taking NOAC (perioperative) and strict emphasis on strategies to manage bleeding complications or 'reverse' the anticoagulant effects for urgent invasive procedures [46] .
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